Background: Anaemia is a public health problem affecting over 1.62 billion people globally. It affects all age groups of people and is particularly more prevalent in pregnant women. Africa carries a high burden of anaemia; in Uganda 24 % of women of child bearing age have anaemia. Pregnant women living in poverty are at greater risk of developing iron deficiency anaemia. The objective of this study was to determine the prevalence of anaemia and the associated risk factors in pregnant women attending antenatal care at Gulu and Hoima Regional Hospitals in Northern and Western Uganda respectively. Methods: We conducted a cross sectional study in Gulu and Hoima Regional Hospitals from July to October 2012. Our study participants were pregnant women attending antenatal care. Socio-demographic data were collected using structured questionnaires and blood samples were collected for haemoglobin estimation. Haemoglobin concentration was determined using an automated analyzer closed mode of blood sampling. Data were analysed using Stata version 12. Odds ratio was used as a measure of association, with 95 % confidence interval; and independent risk factors for anaemia were investigated using logistic regression analyses. Ethical approval was obtained from Gulu University Research Ethics Committee and written informed consent was obtained from each study participant. Results: The overall prevalence of anaemia was 22.1 %; higher in Gulu (32.9 %) than in Hoima (12.1 %), p < 0.001. In Gulu, the prevalence of mild anaemia was 23 %, moderate anaemia was 9 %, and severe anaemia was 0.8 %, while in Hoima, the prevalence of mild anaemia was 9 %, moderate anaemia was 2.5 %, and severe anaemia was 0.5 %. Independent risk factors for anaemia were: being a housewife [Adjusted Odds Ratio (AOR) = 1.7, 95 % CI: 1.05-2.68]; and being a resident in Gulu (AOR = 3.6, 95 % CI: 2.41-5.58). Conclusion: The prevalence of anaemia in pregnant women in Gulu is higher than in Hoima. Amongst pregnancy women, being a housewife is an independent risk factor for anaemia. Greater efforts are required to encourage early antenatal attendance from women in these at risk groups. This would allow iron and folic acid supplementation during pregnancy, which would potentially reduce the prevalence of anaemia.
Background
Anaemia is a global public health problem affecting over 1.62 billion people [1] . It affects all age groups of people but pregnant women and children are more vulnerable. Iron deficiency is the leading cause of anaemia among pregnant women globally [2] . Other causes of anaemia in pregnancy are heavy blood loss as may occur during menstruation and parasitic infections, conditions such as malaria and HIV which lower blood haemoglobin (Hb) concentrations, and micronutrient deficiencies [1] . Low intake and poor absorption of iron especially during growth and pregnancy when iron requirements are higher remain risk factors for anaemia [3] . The World Health Organisation defines anaemia in pregnant women as Hb concentration less than 11.0 g/dl [4] . In pregnant women, anaemia increases risk for maternal and child mortality and has negative consequences on the cognitive and physical development of children [5] , and on work productivity [6, 7] . Severe anaemia is associated with fatigue, weakness, breathlessness, dizziness, drowsiness and perceived paleness of the skin [8] . In the developing world, anaemia is a priority nutritional problem because of the economic, social, and other negative consequences associated with it [9] . Africa carries a high burden of anaemia with a prevalence of 65.8 % among pregnant women [1] . In Uganda, the prevalence of anaemia among women of child bearing age has been reported to be 24 % overall, and 13.1 and 18.8 % in Northern and Western Uganda, respectively [10] .
Poverty is one of the risk factors for iron deficiency in pregnant women [11, 12] , and given the fact that Northern region is the poorest region in Uganda [13] with high rates of malnutrition, the problem of anaemia cannot be underestimated. Despite the known consequences of anaemia in pregnancy, there is scanty information on the prevalence of anaemia in pregnant women in Northern Uganda since the end of the Lord's Resistance Army (LRA) rebellion in 2006. The two decades of civil war in Northern Uganda led to the destruction of social services and left the majority of the population in poverty. Western Uganda on the other hand remained peaceful during the same period. It was therefore necessary to compare the prevalence of anaemia in the two regional hospitals. This would give an insight into the long term effect of the war on women of child bearing age. The objective of this study was to determine the prevalence of anaemia and associated risk factors among pregnant women attending antenatal care at Gulu and Hoima Regional Hospitals so that evidence-based interventions can be put in place.
Methods

Study design and setting
We conducted a cross sectional study at Gulu and Hoima Regional Hospitals from July to October 2012. Gulu and Hoima Regional Hospitals are located in Northern and Western Uganda, respectively. Gulu district headquarters are located approximately 340 km North of Uganda's capital city, Kampala. The population of Gulu District is 443,733 [14] . The coordinates of the district are: 02 45 N, 32 00E. Hoima district headquarters are located approximately 230 km Northwest of Kampala. The population of Hoima district is 573,903 [14] . The coordinates of the district are: 01 24 N, 31 18E.
Study population
Our study participants were pregnant women attending antenatal care in the two regional hospitals. All pregnant women who consented to the study and who reported that they did not have sickle cell disease were eligible to participate in the study. This is because persons who have sickle cell disease usually have lower Hb levels than the normal persons.
Sample size and sampling procedures
The sample size for this study was calculated using Kish Leslie formula. We considered 95 % confidence interval, 5 % margin of error, and 45 and 64 % prevalence of anaemia for Gulu (Northern Uganda) and Hoima (Western Uganda), respectively as was reported by Ugandan Demographic and Health surveys [15] . We factored a 10 % non response rate in the sample size calculation. The two hospitals were purposively sampled since they are regional referral hospitals in the study areas with high patient load, from different backgrounds and settings. We used simple random sampling to select the study participants. Each day, before the provision of health education, the names of every pregnant woman attending the antenatal clinic was taken. Fifty percent of the women were then randomly selected until the required sample size was attained. The probability sampling was employed to avoid selection bias.
Socio-demographic data
Data on socio-demographic characteristics were collected using structured questionnaires (Additional file 1). The questionnaire was pre-tested in an area with similar settings to those of the study hospitals. The questionnaire was then refined to further improve its validity and reliability. The questionnaires were both in English and the local languages. Trained research assistants who were fluent in both English and the local language (Luo or Lunyoro) conducted face-to-face interviews with the pregnant women. The interviews were conducted in privacy to maintain confidentiality, within the hospital premises.
Collection and analysis of blood samples
The vein puncture site was cleaned using a swab containing 70 % alcohol and using aseptic methods, an appropriate vein was identified and a hypodermic needle introduced into the vein. About 3-4 ml of venous blood was drawn into a syringe and then transferred into a sterile vacutainer containing EDTA and transported to the laboratory for analysis. Trained laboratory technicians did the analyses both in Gulu and Hoima Regional Hospitals. Laboratory analysis was done using an automated analyser, (Celltac, Automated Haematology Analyzer, MEK-6400. NIHON KOHDEN). The manufacturer supplied controls were run every morning to ensure that the analyser was operating within 2.0 standard deviations. The closed mode of blood sampling was used; the analyser automatically sampled blood, processed, analysed and printed out the haemoglobin concentration levels. Pregnant women with haemoglobin concentration of less than 11.0 g/dl were categorised as anaemic. Anaemia was considered severe when haemoglobin concentration was less than 7.0 g/dL, moderate when haemoglobin was between 7.0 and 9.9 g/dL, and mild from 10 to 10.9 g/dL [4] .
Statistical analysis
Both the laboratory and questionnaire data were checked and cleaned for completeness and consistency. Participants with missing data on haemoglobin level were excluded from the analyses. Statistical analysis was performed using Stata version 12. Quantitative variables were categorised into groups basing on either biologically recognised groupings Variables with p-values <0.2 at bivariable analysis and those with biological plausibility with respect to anaemia were put into backward stepwise multivariable logistic regressions to determine the independent predictors for anaemia in pregnancy. Statistical significance was set at P < 0.05.
Ethical considerations
The study was approved by Gulu University Research Ethics Committee. Written informed consent was obtained from each study participant before data collection. Privacy and confidentiality was maintained throughout the study process.
Results
A total of 743 pregnant women took part in this study for a response rate of 91.1 %. Some participants withdrew from the study at the point of blood collection. A large majority of the study participants were below the age of 25 years (Table 1) . A total of 164 (22.1 %) women were anaemic. The prevalence of anaemia in Gulu was 32.9 % (117/ 356) and that in Hoima was 12.1 % (47/387). The prevalence of mild, moderate and severe anaemia in Gulu were 23, 9, and 0.8 % respectively; and in Hoima were 9, 2.5, and 0.5 %, respectively (Table 2 ). In the bivariable analysis, anaemia was significantly associated with the level of education attained, occupation, being in or out of school, and being a resident of Gulu district (Table 3) . Being a housewife (AOR = 1.7, 95 % CI: 1.05-2.68) and a resident in Gulu districts (AOR = 3.6, 95 % CI: 2.41-5.58) were independent risk factors for anaemia (Table 4) . 
Discussion
The overall prevalence of anaemia was 22.1 % which agrees with findings in Ethiopia and Nigeria, [16, 17] but lower than those reported elsewhere [18] [19] [20] [21] , and the WHO estimate of 40-60 % in developing countries [1] . The variations in the prevalence of anaemia may be due to the fact that the interventions employed to address anaemia in pregnancy vary in different settings. The prevalence of anaemia was significantly higher in Gulu than in Hoima (P < 0.001). Gulu district was ravaged by a twenty-year war between the LRA and the Government of Uganda that left most of the social services in the district in ruins and a large majority of its population in poverty [22] . Our findings also show that being a housewife is an independent risk factor for anaemia. Because most housewives depend solely on their husbands' earnings for their financial needs, the majority of them tend to be of low socioeconomic status which has been reported as a known determinant of anaemia [23, 24] . This is also manifested by the finding that anaemia was more prevalent among women who had low monthly family income. Anaemia was also more prevalent among women who live in big households (>5 people) compared to those who live in small households. These might be low income families that were displaced from their family land during the LRA insurgency but have since decided to remain in the urban settings for a better life. Education level attained was also found to be associated with anaemia. In Uganda, low level of education is associated with unemployment, which consequently leads to poverty, a known risk factor for anaemia in pregnancy [21, 24] .
Anaemia prevalence was highest (24.3 %) during the third trimester as compared to the first trimester (14.6 %) and second trimester (20.7 %). Haemodilution in pregnancy increases to peak during the second trimester which may explain the high prevalence of anaemia during this period. However, the increased incidence of anaemia during the third trimester may also indicate poor antenatal care and nutrition. These findings agree with that of Karaoglu and the WHO report [23, 25] , but differ to those from Porto Novo, Cape Verde and Abeokuta, Nigeria [24, 26] . Although a study conducted in Trinidad and Tobago reported increased presence of anaemia with increasing gravidity [27] , this study found no evidence of increased incidence of anaemia in a grand multigravid woman as compared to primigravid, secundigravid or multigravid woman. This finding is in agreement with other studies [16] . Perhaps the health education provided to pregnant women during antenatal visits leads to better health seeking behaviour and dietary habits, especially during pregnancy. These findings will go a long way in addressing the problem of anaemia, which can affect psychological and physical behaviour. This is especially important because even very mild forms of anaemia have been reported to influence the sense of well being, lessen resistance to fatigue, lower productivity [28] , aggravate other disorders, and affect work capacity [26] . In pregnant women, anaemia can result in increased risk of maternal and perinatal mortality, low birth weight, [29] and reduced resistance to blood loss with the result that death may occur from the blood loss associated with delivery. The strength of this study is the use of power formula to calculate the sample size and the random sampling of the study participants which enhances its generalisability.
Limitations of this study
We did not consider other factors like parasitic infections which can lead to anaemia. We were therefore not able to determine their contribution to anaemia in our study population. Being a cross sectional study, we could not identify the cause and effect relationship.
Conclusion
The prevalence of anaemia in pregnant women in Gulu is higher than in Hoima. Amongst pregnancy women, being a housewife is an independent risk factor for anaemia. Greater efforts are required to encourage early antenatal attendance from women in these at risk groups. This would allow iron and folic acid supplementation during pregnancy, which would potentially reduce the prevalence of anaemia.
